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We establish a correspondence between a recently proposed parameter-free velocity-dependent
one-scale model and the standard parametric model for the cosmological evolution of domain wall
networks. We find that the latter overestimates the damping of the wall motion due to the Hubble
expansion and neglects the direct impact of wall decay on the evolution of the root-mean-square
velocity of the network. We show that these effects are significant but may be absorbed into a
redefinition of the momentum parameter. We also discuss the implications of these findings for
cosmic strings. We compute the energy loss and momentum parameters of the standard parametric
model for cosmological domain wall evolution using our parameter-free velocity-dependent one-scale
model in the context of cosmological models having a power law evolution of the scale factor a with
the cosmic time t (a ∝ tλ, 0 < λ < 1), and compare with the results obtained from numerical
field theory simulations. We further provide simple linear functions which roughly approximate the
dependence of the the energy loss and momentum parameters on λ. Finally, we extend our formalism
to account for the dynamics of p-branes in N+1-dimensional Friedmann-Lemaitre-Robertson-Walker
spacetimes, thus proving the basis for future developments which, at least for p < N − 1, should
take into account p-brane intersections.
I. INTRODUCTION
The generation of topological defect networks as a re-
sult of symmetry breaking phase transitions is a generic
prediction of grand unified theories [1].The distinct im-
prints of cosmic defects on a wide range of cosmological
observations constitute a potential window into the fun-
damental high energy physics of the early universe [2–4].
Domain walls, created as a result of the breaking of a dis-
crete symmetry, are the simplest defect solutions. Unfor-
tunately, the average energy density of standard domain
wall networks grows faster than the background density,
thus implying that they have to either be extremely light
[5] or to have decayed long before the present epoch [6–
14] in order to be consistent with observations [15–17].
On the other hand, cosmic strings never tend to dominate
the energy density of the universe and, despite the strin-
gent constraints on their tension, they are generally seen
as more benign and better motivated than domain walls.
The possible production of cosmic superstrings in cos-
mological scenarios inspired in string theory provides ad-
ditional theoretical motivation to the observational hunt
for cosmic defects [18–21].
The cosmological implications of defect networks de-
pend crucially not only on their microscopic properties
but also on their large-scale cosmological dynamics. Al-
though numerical simulations (see, e.g., [22]) are an es-
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sential tool towards the understanding of defect network
evolution, semi-analytical models are crucial for a deeper
understanding of the key dynamical processes responsi-
ble for the observational signatures of cosmic defects. A
unified framework for the statistical description of the
large-scale cosmological evolution of defect networks of
relativistic and non-relativistic featureless p-branes in
N+1-dimensional homogeneous and isotropic spacetimes
(with N > p) was developed in [23–26], generalizing pre-
vious work on cosmic strings [27, 28] and domain walls
[29] (see also [30] and [31] for non-cosmological applica-
tions). This Velocity-dependent One-Scale (VOS) model
provides a characterization of the evolution of the char-
acteristic length L and the root-mean-square velocity σv
of p-brane networks, but it relies on the calibration of its
two phenomenological parameters, usually referred to as
energy loss and momentum parameters, using field theory
or Nambu-Goto numerical simulations of cosmic defect
network evolution (see also [32, 33] for a six parameter
extension of the standard parametric domain wall VOS
model).
Recently, a VOS model for the cosmological dynam-
ics of standard domain walls free from adjustable dy-
namical parameters has been proposed [34]. It has been
shown to successfully reproduce the results of field theory
numerical simulations of domain wall network evolution
in cosmological models with a fast expansion rate. The
development of this new semi-analytical model has also
highlighted a number of problems with the determina-
tion of L and σv from field theory numerical simulations,
which will need to be resolved in order for a meaningful
comparison to be possible in a relativistic regime. Nev-
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2ertheless, irrespectively of the exact degree of agreement
with numerical simulations, this new domain wall VOS
model constitutes an extremely useful tool with which to
assess and improve on current semi-analytical models of
defect network evolution, an aim which is pursued in the
present paper.
The outline of this paper is as follows. In Sec. II we
briefly describe the recently proposed VOS model for the
cosmological evolution of standard domain wall networks
(without junctions). In Sec. III we establish a correspon-
dence between this model and the standard parametric
VOS model for domain walls, discussing the approxima-
tions involved. We also briefly discuss the implications
of our findings for cosmic strings. In Sec. IV we quantify
the impact of these approximations by considering fric-
tionless scaling solutions obtained for a power law evolu-
tion of the scale factor with cosmic time. In particular,
we compare the values of the energy loss and momen-
tum parameters of the standard parametric VOS model
determined using our parameter-free VOS model with
the corresponding values obtained using numerical field
theory simulations, and provide simple linear functions
which approximate the dependence of these two parame-
ters on the expansion rate of the universe. In Sec. V the
formalism of the previous sections is extended in order
to account for the dynamics of a network of noninteract-
ing maximally symmetric p-branes in N + 1-dimensional
Friedmann-Lemaitre-Robertson-Walker spacetimes. Fi-
nally we conclude in Sec. VI.
We shall use fundamental units with c = 1, where c is
the value of the speed of light in vacuum.
II. PARAMETER-FREE VOS MODEL FOR
DOMAIN WALLS
Here, we briefly describe a recently proposed
VOS model [34] for the evolution of standard do-
main wall networks in flat 3 + 1-dimensional homo-
geneous and isotropic Friedmann-Lemaitre-Robertson-
Walker (FLRW) cosmologies with line element
ds2 = a2[η]
(
dη2 − dx · dx) , (1)
where a is the scale factor, η =
∫
dt/a is the conformal
time, t is the physical time and x are comoving spatial
coordinates. This model, which is free from adjustable
dynamical parameters, describes the cosmological evo-
lution of the network in terms of two thermodynamic
variables: the characteristic length L and the root-mean-
square velocity σv. It relies on the fact that field theory
simulations of standard domain wall network evolution
have shown that intersections between domain walls are
rare [32] (in particular, in comparison to the case of cos-
mic strings) and that thin domain walls are not expected
to produce significant amounts of scalar radiation, except
in the final stages of collapse [35]. This model makes the
simplifying assumption that the universe is permeated
by a network of infinitely thin domain walls possessing
either spherical or cylindrical symmetry (in the case with
cylindrical symmetry the domain walls are taken to be
parallel to each other). Also, the gravitational interaction
between the walls is assumed to be negligible, thus ensur-
ing that they maintain the initial symmetry throughout
the whole evolution and never intersect. Every cosmo-
logically relevant domain wall is assumed to have started
at rest at some early conformal time ηi with an initial
comoving radius qi much larger than the comoving hori-
zon at that time (ηi). The probability density function
of the initial comoving radii may be written as [34]
P ≡ P[qi] = (1 + s)η1+si q−2−si Θ[qi − ηi] , (2)
where Θ is the Heaviside step function, and s = 1 or
s = 2 depending, respectively, on whether the domain
walls are assumed to be cylindrical or spherical. The
equations of motion describing the frictionless evolution
of the domain walls are given by
q˙ = −v , v′ + (1− v2) (3Hηv − sηq−1) = 0 , (3)
where a dot denotes a derivative with respect to the con-
formal time η, a prime denotes a derivative with respect
to ln η, H ≡ a˙/a > 0, q is the comoving radius of the
wall, v represents its velocity, and γ ≡ (1 − v2)−1/2. In
this model every domain wall is assumed to decay upon
reaching q = 0, and, consequently, we shall only consider
the evolution of domain walls in the comoving radius in-
terval [0, qi]. Also, as a consequence of wall decay, at
an arbitrary time η  ηi only domain walls with an ini-
tial comoving radius larger than a threshold qi∗ survive,
where the value of qi∗, defined by q[qi∗, η] = 0, is a func-
tion of η.
The wall energy (spherical case) or energy per unit
length (cylindrical case) is equal to E = 2pisσw0a
srs,
where r = γ1/sq and σw0 is the proper domain wall en-
ergy per unit area, or, equivalently,
E = 2pisσw0(aη)
sτ−sr˜s , (4)
where r˜ ≡ q˜γ1/s, q˜ ≡ q/qi, and τ ≡ η/qi. The evolu-
tion of E can be readily computed from the equations of
motion and it is given by
E′ = HηE (s− 3v2) . (5)
Hence, in our model the average energy density of the
domain wall network at the conformal time η is equal to
ρw =
∫ ∞
qi∗
nEPdqi = a−1−s
∫ ∞
qi∗
niEPdqi
= σw0β(aη)
−1
∫ τ∗
0
r˜sdτ , (6)
where β = 2pis(1+s)niη
1+s
i , ni is the initial domain wall
number density defined as the number of walls per unit
volume (spherical case) or per unit area (cylindrical case),
n = nia
−1−s would be the domain wall number density
at the time η in the absence of decay, and τ∗ = η/qi∗.
3Let us also define mean square velocity of the domain
walls as
σ2v = 〈v2〉 =
∫
v2ρ dV∫
ρ dV
=
∫
v2γdS∫
γdS
=
∫∞
qi∗
v2EPdqi∫∞
qi∗
EPdqi
=
∫ τ∗
0
v2r˜sdτ∫ τ∗
0
r˜sdτ
, (7)
where ρ is the (microscopic) domain wall energy density
at each point, V is the physical volume, and S is the do-
main wall area. The third equality in Eq. (7) is obtained
by writing dV = dSdl and performing the integration∫
ρ dl = σw = σw0γ in the direction perpendicular to the
domain wall (note that ρ = ρ0γ
2 and δ = δ0/γ, where
the subscript ‘0’ represents the proper rest value and δ
denotes the domain wall thickness, and that v does not
vary along the direction perpendicular to the wall).
For a power law expansion, with a ∝ tλ ∝ ηλ/(1−λ) and
Hη = λ/(1 − λ), the equations of motion are invariant
with respect to the transformation q → αq, η → αη,
where α > 0 is a constant. In this case v[qi, η] =
v[1, η/qi] = v[τ ], q˜ = q[qi, η]/qi = q[1, η/qi]/qi = q˜[τ ],
and τ∗ = η/qi∗ = const. However, in general q˜[qi, η] =
q˜[τ, η], v[qi, η] = v[τ, η] and τ∗ = τ∗[η].
Differentiating Eq. (6) with respect to ln η and using
Eq. (5) one obtains
ρ′w = −(1 + s)Hηρw + a−1−s
∫ ∞
qi∗
niE
′Pdqi
− a−1−sniE∗P∗q′i∗ = −(1 + 3σ2v)Hηρw
− σw0β(aη)−1r˜s∗τ∗ (1− τ∗τ ′∗) , (8)
where E∗ = E[qi∗, η], P∗ = P∗[qi∗], and r˜∗ = r˜[qi∗, η].
The last term in Eq. (8),
ρ′w[decay] = −σw0β(aη)−1r˜s∗τ∗ (1− τ∗τ ′∗) , (9)
is associated to the energy losses by the network due to
domain wall decay.
On the other hand, differentiating Eq. (7) with respect
to ln η one obtains
(σ2v)
′ = −6Hησ2v
(
1− σ
2
v
2
− 〈v
4〉
2σ2v
)
+ 2sη
〈
v(1− v2)
q
〉
− (1− σ2v) r˜s∗τ∗ (1− τ∗τ ′∗)∫ τ∗
0
r˜sdτ
, (10)
with the averages denoted by 〈...〉 being defined as in Eq.
(7), where the specific case of 〈v2〉 was considered. We
have also taken into account that v → 1 as q → 0, or,
equivalently, that v∗ ≡ v[qi∗, η] = 1.
III. RELATION TO THE STANDARD
PARAMETRIC VOS MODEL
Let us define the characteristic length of the network
as
L ≡ σw0
ρw
, (11)
which, in combination with Eq. (6), implies that
ζ ≡ L
aη
=
(
β
∫ τ∗
0
r˜sdτ
)−1
. (12)
On the other hand, in the standard parametric VOS
model the decay term in Eq. (9) is usually written as
ρ′w[decay] = −cwσvζ−1ρw , (13)
where cw is a phenomenological energy loss parameter.
Using Eqs. (8), (10), (11), and (12) it is possible to
cast the equations of motion of our parameter-free VOS
model in a similar form to that of the parametric VOS
model, that is
ζ ′ = −ζ (1− 3Hησ2v)+ cwσv , (14)
σ′v = −(1− σ2v)
(
3(f + 1)Hησv − kwζ−1 + 
)
(15)
with
kw =
sζτ〈v(1− v2)q˜−1〉
σv(1− σ2v)
, (16)
cw = 2ζ , (17)
 =
β
2
ζ
σv
r˜s∗τ∗ (1− τ∗τ ′∗) , (18)
χ =
1
2
+
1
2
〈v4〉
σ4v
f =
σ2v(1− χ)
1− σ2v
. (19)
Eq.(14) may also be written as
(ln ζ)′ = − (1− 3Hησ2v − 2σv) . (20)
The right-hand sides of Eqs. (15) and (20) are indepen-
dent of β (note that Eq. (12) implies that βζ is indepen-
dent of β), thus implying that for a given cosmological
model the evolution of ln ζ and σv is completely deter-
mined by our model both for s = 1 and s = 2, without
the need for adjustable phenomenological dynamical pa-
rameters.
It is useful to compare Eqs. (14) and (15) with those
of the standard parametric VOS model for domain walls
in which f is assumed to be equal to zero (the same
approximation is also made in the standard parametric
VOS model for cosmic strings). Taking into account that
〈(v2 − σ2v)2〉 = 〈v4〉 − σ4v ≥ 0, it is simple to show that
f = −〈(v
2 − σ2v)2〉
2(1− σ2v)σ2v
≤ 0 (21)
Hence, f is equal to unity only if there is no dispersion
of the root-mean-square velocity, which in general may
only happen in the non-relativistic (σv → 0) or in the
ultra-relativistic limit (σv → 1). In the following sec-
tion we shall determine the values of f predicted by our
parameter-free domain wall VOS model for different val-
ues of the expansion rate.
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FIG. 1: The value of f predicted by our parameter-free VOS
model as a function of λ in the context of frictionless scal-
ing solutions considering cylindrical or spherical domain walls
(upper black and lower magenta dashed lines, respectively) —
the green region between the two lines provides an estimate of
the model uncertainty. Notice that the f = 1 approximation
of the parametric VOS model for domain walls overestimates
the strength of the Hubble damping due to the expansion of
the universe.
On the other-hand, the direct contribution of  in Eq.
(15) is not explicitly considered in the standard paramet-
ric VOS model. In practice such contribution, is equiv-
alent to the following redefinition of the momentum pa-
rameter: kw → kw − ζ. In the standard parametric
VOS model it is implicitly assumed that the elements re-
moved from the network — in the case of domain walls
as a consequence of collapse and decay — have a root-
mean-square velocity equal to that of the network (thus
implying that  = 0). However that is not in general
the case. Whenever there is a difference between the
root-mean-square velocity of the network and that of the
elements being removed from it, there will be a direct
contribution to the change in σv given by
d(σ2v) = −
dρN
ρN
(
σ2v − σ2v−
)
, (22)
where the subscriptsN and − represent, respectively, the
network and the elements being removed from it. In the
case of domain walls the velocity is extremely close to
unity prior to decay and, therefore,
σ′v[decay] =
ρ′w[decay]
2ρw
1− σ2v
σv
= −(1− σ2v) , (23)
where we have taken σv− = 1.
To our knowledge, this effect has not been considered
in previous work, not only in the context of domain walls
but also of cosmic strings. For cosmic strings one would
expect a contribution to the change of σv
σ′v[loops] =
ρ′str[loops]
ρstr
σ2v− − σ2v
2σv
=
σ2v − σ2v−
2
cstrζ
−1 ,
(24)
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FIG. 2: The value of ζ/kw predicted by our parameter-free
VOS model as a function of λ in the context of frictionless
scaling solutions considering cylindrical or spherical domain
walls (upper black and lower magenta dashed lines, respec-
tively) — the green region between the two lines provides an
estimate of the model uncertainty. Notice that, except for
values of λ close to unity, the last two terms in Eq. (15) are
always of the same order of magnitude.
coming from loop production. Here, ρstr is the average
string energy density, cstr is the energy loss parameter of
the cosmic string VOS model, and σv− is the root-mean-
square velocity of the loops produced by the long string
network in the cosmological frame.
IV. VOS MODEL FOR DOMAIN WALLS:
FRICTIONLESS SCALING SOLUTIONS
Here, we shall consider frictionless scaling solutions
in the context of cosmological models having a power
law evolution of the scale factor with the physical time
(a ∝ tλ, 0 < λ < 1), so that ζ and σv are constants. Fig-
ure 1 displays the values of f predicted by our parameter-
free VOS model, as a function of λ, considering cylin-
drical or spherical domain walls (upper black and lower
magenta dashed lines, respectively). The green region
between the two lines provides an estimate of the model
uncertainty associated to the geometry of the domain
walls. Figure 1 shows that, except for values of λ close to
unity, f deviates significantly from zero. It implies that
the f = 0 assumption made in the standard parametric
VOS model for domain walls leads to an overestimation
of the strength of the Hubble damping by 20 ± 10% for
values of λ in the interval [0, 0.9]. A similar effect is also
expected in the standard parametric cosmic string VOS
model, albeit with a slightly smaller amplitude.
The value of ζ/kw predicted by our parameter-free
VOS model as a function of λ considering cylindrical or
spherical domain walls is shown in Fig. 2 (upper black
and lower magenta dashed lines, respectively, with the
green region between the two lines again representing an
estimate of the model uncertainty). It parameterizes the
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FIG. 3: The value of k˜w predicted by our parameter-free
VOS model as a function of λ in the context of frictionless
scaling solutions considering cylindrical or spherical domain
walls (upper black and lower magenta dashed lines, respec-
tively) — the green region between the two lines provides an
estimate of the model uncertainty. The red dots with the cor-
responding error bars represent results obtained using field
theory numerical simulations of domain wall network evolu-
tion [32]. Notice that, despite the quantitative disagreement,
the parameter-free VOS model and the numerical field the-
ory simulations predict similar qualitative dependencies of k˜w
on λ, which are roughly accounted for by the linear function
k˜w = 1.8λ (blue dotted line).
relative importance of the last two terms in Eq. (15).
Figure 2 shows that for values of λ not too close to unity
these two terms are of the same order of magnitude, thus
implying that the direct impact of domain wall decay in
Eq. (15), associated to a non-zero , cannot in general
be neglected.
The frictionless scaling solutions of Eqs. (14) and (15)
for a power law evolution of the scale factor (a ∝ tλ,
0 < λ < 1) satisfy
k˜w ≡ kw − ζ
f + 1
= 3Hηζσv = 3λζσv
1− λ , (25)
cw =
ζ
σv
(
1− 3Hησ2v
)
=
ζ
(
1− λ(1 + 3σ2v)
)
σv(1− λ) . (26)
Hence, given a scaling solution with ζ = const and
σv = const obtained either using our parameter-free do-
main wall VOS model or field theory numerical simula-
tions of domain wall network evolution, it is always pos-
sible to obtain the values of k˜w and cw which match that
solution. Nevertheless, in the standard parametric VOS
model both f and  are neglected and, therefore, it does
not distinguish between kw and k˜w. However, the fact
that
kw − k˜w
kw
=
1
1 + f
(
f − ζ
kw
)
, (27)
in combination with the results shown in Figs. 1 and
2, shows that, except in the non-relativistic limit, kw is
always significantly smaller than k˜w.
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FIG. 4: The value of cw predicted by our parameter-free VOS
model as a function of λ in the context of frictionless scal-
ing solutions considering cylindrical or spherical domain walls
(upper black and lower magenta dashed lines, respectively) —
the green region between the two lines provides an estimate
of the model uncertainty. The red dots with the correspond-
ing error bars represent results obtained using field theory
numerical simulations of domain wall network evolution [32].
Notice that the parameter-free VOS model and the numerical
field theory simulations predict similar qualitative dependen-
cies of cw on λ, which are roughly accounted for by the linear
function cw = 1.2(1− λ) (blue dotted line).
Figures 3 and 4 show, respectively, the values of k˜w and
cw, as a function of λ, obtained using Eqs. (25) and (26)
with ζ and σv given by our parameter-free VOS model
considering cylindrical or spherical domain walls (upper
black and lower magenta dashed lines, respectively) —
the green region between the two lines provides an es-
timate of the model uncertainty. The red dots with the
corresponding error bars represent results obtained using
field theory numerical simulations of domain wall net-
work evolution [32]. Here, we have fixed the value of β in
the cylindrical or spherical domain wall cases by requir-
ing the model to reproduce the value of ζ obtained using
field theory simulations in the non-relativistic limit [33]
(λ = 0.9998). This requirement gives βcylindrical ∼ 0.69
and βspherical ∼ 1.15 — note that β is independent of the
cosmological model and, therefore, it is not a dynamical
parameter of our model.
Figure 3 shows that, despite the disagreement between
the predictions of our parameter-free VOS model and nu-
merical simulations for λ < 0.9, in both cases the overall
dependence of k˜w on λ may be roughly approximated by
the linear function kw = 1.8λ, represented by the blue
dotted line. Potential causes of the discrepancies ob-
served in Fig. 3, mainly associated to the determination
of the L and σv from field theory numerical simulations,
have been discussed in detail in [34] and will need to be
tackled in future numerical work.
On the other hand, Figure 4 shows that there is over-
all agreement on the predicted value of cw between the
predictions our parameter-free VOS model and numerical
simulations, except for λ = 0.1. The overall dependence
6of cw on λ may be roughly approximated by the linear
function cw = 1.2(1− λ), represented by the blue dotted
line.
V. EXTENDING THE VOS MODEL TO Sp−i ⊗Ri
p-BRANES
Let us consider maximally symmetric p-branes with a
Sp−i⊗Ri topology in a flatN+1-dimensional Friedmann-
Robertson-Walker Universe, with p < N and 0 ≤ i ≤ p
— the case of domain walls in a 3 + 1 FLRW universe
studied in the previous sections corresponding to N = 3,
p = 2 and i = 1 (cylindrical domain walls) or i = 0
(spherical domain walls).
The energy of the p-branes per unit i-dimensional area
of the flat dimensions is
E = σp0(s+ 1)Cs+1a
srs
= (s+ 1)Cs+1σp0(aη)
sτ−sr˜s (28)
and the corresponding equations of motion satisfy
q˙ = −v , (29)
v′ = −(1− v2) ((p+ 1)Hηv − sηq−1) = 0 , (30)
E′ = HηE (s− (p+ 1)v2) . (31)
Here,
Cs+1 =
pi(s+1)/2
Γ ((s+ 1)/2 + 1)
. (32)
Γ is the gamma function, σp0 is the proper p-brane mass
per unit p-dimensional area, and we shall assume that
the p-branes decay upon reaching q = 0 (again, v → 1 as
q → 0, or, equivalently, v∗ ≡ v[qi∗, η] = 1). Note that in
this section q, qi, qi∗, r, r˜ and τ are defined in the same
way as before.
The probability density function of the initial comov-
ing radii may now be taken to be equal to
P ≡ P[qi] = (N − i)ηN−ii q−(N−i+1)i Θ[qi − ηi] , (33)
so that the energy density
ρp =
∫ ∞
qi∗
nEPdqi = σp0β(aη)−(N−p)
∫ τ∗
0
q˜sγτN−p−1dτ ,
(34)
is proportional to (aη)−(N−p) in a scaling regime with
τ∗ = const. Here,
β = (s+ 1)Cs+1(N − i)ηN−ii ni , (35)
with n = nia
−(N−i) representing, as before, the p-brane
number density at the conformal time η that would be
observed in the absence of decay.
The characteristic length scale of the network is defined
as
L ≡
(
σp0
ρp
) 1
N−p
, (36)
which, together with Eq. (34) implies that
ζ ≡ L
aη
=
(
β
∫ τ∗
0
r˜sτs−1dτ
)− 1N−p
. (37)
Proceeding as in Sec. III, the equations of motion for
σv and ζ may be written as
σ′v = −(1− σ2v)
× ((p+ 1)(f + 1)Hησv − kwζ−1 + ) (38)
ζ ′ = −ζHη (N − p− 1− (p+ 1)σ2v)− ζ
+ cwσv , (39)
with
kw =
sζη〈v(1− v2)q−1〉
σv(1− σ2v)
, (40)
cw = 2ζ , (41)
 =
β
2
ζN−p
σv
r˜sτN−p∗ (1− τ∗τ ′∗) , (42)
χ =
1
2
+
1
2
〈v4〉
σ4v
f =
σ2v(1− χ)
1− σ2v
. (43)
The constant ζ and σv frictionless scaling solutions for
cosmological models with a power law evolution of the
scale factor with the physical time (a ∝ tλ, 0 < λ < 1)
satisfy
k˜w ≡ kw − ζ
f + 1
= (p+ 1)Hηζσv = (p+ 1)λζσv
1− λ ,(44)
cw =
ζ
σv
(
1 +
(
N − p− 1− (p+ 1)Hησ2v
))
=
ζ
(
1− λ(2−N + p+ (p+ 1)σ2v)
)
σv(1− λ) . (45)
VI. CONCLUSIONS
In this paper we have established a correspondence
between a recently proposed parameter-free VOS model
and the standard parametric VOS model for the cosmo-
logical evolution of standard domain wall networks. We
have shown that such correspondence requires a redefini-
tion of the curvature parameter of the standard paramet-
ric VOS model which takes into account the fact that this
model overestimates the strength of the Hubble damp-
ing of wall motion by up to 30% and neglects the di-
rect impact of wall decay on the evolution of the root-
mean-square velocity of the network. We have shown
that analogous approximations also affect the standard
parametric cosmic string VOS model and we have found
an additional contribution to the evolution of the root-
mean-square velocity of cosmic string networks associ-
ated to the impact of loop production. We compared
the values of the energy loss and momentum parame-
ters of the standard parametric VOS model for domain
7walls predicted by our parameter-free one-scale model
with those obtained using numerical field theory simu-
lations of domain wall evolution, and provided a sim-
ple linear function which approximates their dependence
on λ. We have also extended our framework to account
for the dynamics of a network of noninteracting max-
imally symmetric p-branes with a Sp−i ⊗ Ri topology
in N + 1-dimensional Friedmann-Lemaitre-Robertson-
Walker spacetimes. This provides the basis for future
developments of the model which will need to take into
account p-brane intersections, a necessary step in order
for it to be able to describe the cosmological dynamics of
p-brane networks with p < N − 1.
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